Objective-To measure the health related quality of life (QoL) following mitral valve replacement in childhood. Design-Cross sectional study. Setting-Tertiary referral centre. Methods-19 patients, median age (range) 14.4 (9.7-25.4) years, were studied at a median of 7.6 (0.5-11.2) years after their most recent mitral valve replacement. General health status was measured using age specific validated questionnaires. Ten children aged between 9-15 years completed the child health related quality of life questionnaire, and for nine older patients the UK version of the short form 36 was used. Specific questions were added to the existing questionnaires to study the eVect of long term anticoagulation treatment. Results-All patients in the younger age group reported impaired QoL. Five rated their QoL within the range of children with chronic physical disabilities, and in the remaining five it was worse. In the older age group, all but two patients perceived their QoL as normal or near normal compared with a reference population matched for sex and age. Having regular blood tests had a negative eVect on QoL in three young children, and one older patient reported impaired QoL related to taking daily warfarin tablets. Conclusions-In this small group, the eVect of mitral valve replacement on QoL appears to be age specific, with more impairment in younger children. Long term anticoagulation treatment is well tolerated in most patients. (Heart 2000;84:643-647) 
The placement of a prosthetic mitral valve in a child is occasionally necessary if the failing native valve cannot be repaired. [1] [2] [3] Traditionally, the success of treatment has been measured in terms of survival, but with many children now expected to live long term after mitral valve replacement 4 5 this has become a less powerful end point and it is increasingly important to gain insight into their quality of life (QoL). This is of particular importance after mitral valve replacement as the currently favoured mechanical prostheses require permanent anticoagulation, and this has obvious implications for the lifestyle of the child. We therefore studied the general health status and the eVect of anticoagulation treatment on QoL in children after mitral valve replacement.
This study was part of a follow up study on all patients who underwent mitral valve replacement at Great Ormond Street Hospital for Children, London, UK, between January 1987 and December 1997. The characteristics of this patient population, mortality, morbidity, and haemodynamic status up to 11 years of age are detailed in a companion paper. 6 This project was approved by the medical ethics committee of the Institute of Child Health and Great Ormond Street Hospital for Children.
Methods

STUDY POPULATION
Fifty four consecutive patients underwent mitral valve replacement at our institution between January 1987 and December 1997. All received a mechanical prosthesis. The 30 operative survivors who are currently resident in the UK were invited to attend the outpatient department for clinical evaluation and echocardiographic examination. The results of these studies are reported elsewhere. 6 In addition, patients underwent QoL assessment. These studies form the basis of this report.
Six patients were too young to complete a QoL questionnaire. Of the remaining 24 patients, five were excluded for the following reasons: no response to invitation, refusal to participate, end stage heart failure with palliative care at home, end stage heart failure awaiting heart transplant, and progressive loss of vision with profound eVect on QoL. Two patients who declined to come to the outpatient clinic agreed to complete the questionnaire by mail and were included in the study. Nineteen patients, median (range) age 14.5 (9.7-25.4) years, were studied 7.6 (0.5-11.2) years after their most recent mitral valve replacement. Twelve were female and seven male. Cardiac diagnoses leading to mitral valve replacement are listed in table 1.
QUALITY OF LIFE STUDIES
There is no universally accepted definition of QoL or standard tool to measure it. We used age specific validated questionnaires to measure the patient's current general health status. To investigate the eVect of anticoagulation treatment on QoL, special questions were added about taking daily warfarin tablets and having regular blood tests. The self administered questionnaires took approximately 15 minutes to complete. One of the investigators (AT) was available on site if assistance was required. Patients were studied in two age groups: 9-15 years, and 16 years and older.
Patients between 9-15 years old Children aged 9-15 years were asked to complete the child health related quality of life (CQOL) questionnaire, which has 15 questions covering the child's functioning in areas of its daily life that are commonly aVected by health problems. 7 These domains were: getting about and using hands, doing things for self, soiling or wetting, school, out of school activities, friends, family relationships, discomfort caused by bodily symptoms, worries, depression, seeing, communication, eating, sleep, and appearance. An almost identical version of the questionnaire was completed by the parents, thus obtaining both the child's and the parents' view about the child's current functioning. To investigate the eVect of permanent anticoagulant treatment on QoL, questions about the child's level of function, upset, and satisfaction in relation to taking daily warfarin tablets and having regular blood tests were added in the same format as the CQOL questionnaire (fig 1) .
Patients aged 16 years and over
The general health status for patients aged 16 years and above was evaluated using the UK version of the short form 36 health survey (SF-36). 8 This self completion questionnaire contains 10 sections with a total of 36 questions, examining the following eight dimensions of health: physical functioning, social functioning, role limitation because of physical problems, role limitation because of emotional problems, mental health, energy/vitality, pain, and general health perception. To examine the eVect of long term anticoagulation treatment, further questions were added to the SF-36 ( fig  2) .
DATA HANDLING
The QoL questionnaires were scored as published in the accompanying manuals and literature (see below). [8] [9] [10] A meaningful statistical summary of the results was not possible because the patient population was small and heterogeneous. Instead the score of an individual patient was compared with that of published reference groups. Normal score was arbitrarily defined as within one standard deviation of the mean of the reference group.
No reference values were available for the questions on anticoagulant treatment.
For the CQOL questionnaire the children and their parents marked the functional performance of the child on a visual seven pointed scale ranging from "better than children of the same age" (one point) to "very poor performance" (seven points). A cumulative CQOL score for each child was calculated by summation of the scores for all 15 questions, lower scores indicating better QoL. This score was compared with that of a published reference group of school children and a group with chronic physical disorders, including cystic fibrosis and orthopaedic and neurological disorders. 9 Questions about anticoagulation 
Figure 1 Questions added to the CQOL questionnaire to investigate the eVect of taking daily tablets (A) and having regular blood tests (B). Scoring of the level of function, upset, and satisfaction was on a seven point scale, ranging from "better than children of the same age" (1 point) to "not taking any tablets" (7 points)
; "not at all upset" (1 point) to "extremely upset" (7 points); and "very satisfied" (1 point) to "not at all satisfied" (7 points).
Taking tablets every day.
A Possible problems include: Don't want to take tablets; difficulty swallowing; simply forget; make you feel worse; embarrassed.
Over the past month how have you been with taking your tablets ?
Better than children of the same age Very satisfied
Not at all satisfied treatment were rated according to the same scoring system. For each health dimension of the SF-36, the scores to the questions were coded according to the manual, summed, and transformed on to a scale from 0 (worst health) to 100 (best health). The total score for an individual patient was compared with published reference groups matched for sex and age. 8 The eVect of permanent anticoagulation on QoL was scored in a similar way and ranged from 0 (worst eVect) to 100 (no adverse eVect) (fig 2) .
Results
PATIENTS BETWEEN 9-15 YEARS OLD
Ten patients (five girls, five boys), 12.4 (9.7-14.5) years old, were studied 6.2 (0.5-9.3) years after their most recent mitral valve replacement. All children attended school; nine were in mainstream education (one patient received additional help) and one at a special needs school because of delayed development.
The cumulative CQOL score for the children's perception of their physical functioning ranged from 21-69 and was outside the reference range for normal children (14. 9-19.6) 9 in all cases. In five children it was within the range of children with chronic physical disabilities (15.3-35.7), 9 and the remaining five children rated their physical functioning inferior to this group. Figure 3 shows the relation between the CQOL scores of children and their parents. In most cases there was agreement between the children's and the parents' perception of the child's functioning. In two cases, however, children rated their functioning much better than their parents did.
The eVects on QoL of taking daily warfarin tablets and having regular blood tests are summarised in fig 4. All children reported that they were good at taking their daily tablets, not upset by taking them, and satisfied with their performance in this area. Almost identical ratings for the child's QoL were obtained from their parents. Having regular blood tests was associated with a good QoL in the majority of patients. In two patients QoL was moderately impaired. In one patient, who suVered from needle phobia and delayed development, it was associated with the worst QoL he could imagine. The parent scores were generally in agreement, except in two cases where parents rated their child's QoL much better and much worse, respectively.
PATIENTS AGED 16 YEARS AND OVER
Nine patients (seven female, two male), 19.9 (16.9-25.4) years old, were studied 7.6 (2.5-11.2) years after their last mitral valve replacement. Two patients were known to suVer from other health problems-moderate aortic regurgitation and asthma, respectively. All except one were in full time employment (5) or education (3). One patient, who was in good health, had elected to work part time. Table 2 shows the SF-36 scores of individual patients compared with a reference population matched for sex and age. 8 Four patients scored "normal" for all health dimensions. The patient with aortic regurgitation also scored within 1 SD of the mean for all areas except On a scale of 0 (worst eVect on QoL) to 100 (no adverse eVect on QoL), taking daily warfarin tablets was rated between 80 and 100 by six patients and between 60 and 80 by two. The lowest score in this area (50) was by the only patient known to be non-compliant with warfarin treatment. The eVect of having regular blood tests on QoL was between 80 and 100 by six patients and between 60 and 80 by three.
Discussion
Recent advances in operative techniques have made successful repair of the failing mitral valve possible for many patients, but sometimes valve replacement is the only solution. Unfortunately there is no ideal valve substitute, and mechanical prostheses, favoured because of their durability, require permanent anticoagulation. Taking daily warfarin tablets and having regular blood tests for control of anticoagulant treatment are thought to have a major impact on the quality of life of children after mitral valve replacement, but this had not been systematically investigated.
In our studies, none of the younger children or their parents perceived their child's health status as normal. The level of impairment was equal to or worse than that previously published for children with chronic disabilities. In contrast, most adolescents and young adults felt that their functioning in most areas was within normal limits. One can only speculate about the underlying reasons for this diVerence. It may be that the SF-36, as opposed to CQOL, was not sensitive enough to detect impaired health status following mitral valve replacement in the older patients. This seems unlikely, however, as it was shown in validation studies that the SF-36 was able to detect low levels of ill health. 10 11 A more likely reason may be that reduced health as a result of mitral valve replacement has a diVerent impact on QoL in various age groups, possibly because the areas of life that are most important for general wellbeing change during a child's development. Normal exercise ability is important for the school age child to keep up with his peers. The more mature individual, however, usually has a wider choice of lifestyles and therefore physical health status may become less important for achieving a satisfactory QoL. It is also noteworthy that in spite of the reported impairment in health status, all but one patient were able to participate in mainstream education or hold down a job. Surprisingly, taking daily medication did not have an important eVect on QoL in either age group, except in a 17 year old girl who had become non-compliant with her medication. Inspection of anticoagulation records revealed a stable level of anticoagulation in the majority of patients, suggesting adherence to the prescribed medication. Contrary to expectations, most young children and their parents reported that regular blood tests were well tolerated. In the older age group some degree of impaired QoL was related to either discomfort from the blood tests or disruption of daily life. The latter may be improved with the use of recently introduced commercial self test kits, reducing the need for patients to attend hospital for their blood sampling. 12 It is increasingly important to measure the perception of health of patients to assess the benefits of treatment. This task is diYcult because there is no uniform definition of health. Measurements in children are further complicated by the continuous development of the child and therefore in this patient population these measurements should be age specific. Although a large number of health status instruments have been developed over the years, a recent review found that many had insuYcient psychometric properties. 13 To avoid the above pitfalls we used age specific validated questionnaires. Because these questionnaires measured core functions of general health only, specific questions about the eVects of permanent anticoagulation were added. In spite of the precautions taken with the selection of our instruments, it should be kept in mind that QoL measurements are still under development and that the outcomes of these types of studies should be viewed cautiously.
LIMITATIONS OF THE STUDY
A limitation of our study was that only a small number of patients were investigated. Mitral valve replacement in children is rare and therefore only a limited number of patients can be expected in a single centre. In addition, only selected patients were studied. Patients less than nine years old were not invited because we were unable to identify a satisfactory validated questionnaire, and patients resident outside the UK were excluded because of cultural bias of QoL questionnaires. 10 13 Finally, two patients with terminal heart failure and one patient with progressive deterioration of vision were not investigated for compassionate reasons, and there was a refusal and no response to the study invitation in a further two patients. One can only speculate on the eVect of patient selection on the final outcome of this study.
CONCLUSIONS
The results of this study on QoL in children after mitral valve replacement indicate a moderate impairment in general health status for school age children and near normal QoL for the majority of adolescents and young adults. Permanent anticoagulation treatment was well tolerated in most patients. Currently available instruments for health status measurement need further development to allow better assessment of health related QoL in children.
